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Group ill-V nitride semiconductor growth nnethod and vapor phase growth apparatus 



(57) A vapor phase growth apparatus 1 for growing 
a group lll-V nitride semiconductor (GaN) comprises a 
reaction ampoule 3 having a container 11 disposed 
therein for containing a group 111 element and an inlet 7 
for introducing nitrogen; excitation means 15 for 
plasma-exciting nitrogen Introduced from the inlet 7; 
and heating means 13 for heating a seed crystal 10 dis- 
posed within the reaction ampoule 3 and the container 
11; wherein, upon growing the group Ill-V nitride semi- 
conductor on the seed crystal 10. nitrogen is introduced 
from the inlet 7, and no gas is let out from within the 
reactton ampoule 3. 
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Description 

BACKGROUND OF THg iNVENTIQM 
Held Of the tfwention 

[0001] The present Invention relates to a growth 
method and vapor phase growth apparatus for group III- 
V nitride semiconductons such as gallium nitride (GaN). 

Related Badcqround Art 

[0002] Conventionally known as a method of grow- 
ing group lll-V nitride semiconductors such as GaN are, 
for example, a hydride vapor phase epitaxy method 
(HVPE method) pubPished In Japanese Patent AppfK^- 
tion Laid-open No. HEI 10-215000 and an organic 
metal vapor phase epitaxy method (OMVPE method) 
pubfished in Japanese Patent Application Lald-Open 
NO.SHO 61-179527. 

[0003] For growing galfium nitride (GaN) by the 
hydride vapor phase epitaxy method. (1) ammonia 
(NH3) as a material gas for nitrogen (N), (2) hydrogen 
chloride (HCI) for generating gallium chloride (GaCI) as 
a material gas for gallium (Ga), and (3) hydrogen (H2) 
as a canier gas are continuously introduced into a reac- 
tion ampoule in which a boat containing Ga is disposed. 
As GaCI, which is generated by a reaction between HCI 
and Ga, reacts with NH3, allium nitride (GaN) grows on 
a seed crystal. According to this method, a large 
amount of material gases can be continuously supplied 
into the reaction ampoule, whereby the reaction rate 
can be improved as compared with the case using a so- 
called closed ampoule method in which no material 
gases are supplied from the outside. 
[0004] For growing gallium nitride (GaN) by the 
organic metal vapor phase epitaxy . method, (1) an 
organic metal such as trimethyl gallium (TMG) and (2) 
ammonia (NHg) are introduced as material gases into a 
reaction ampoule, whereas hydrogen or nitrogen is 
introduced therein as a earner gas. As ™g and NH3 
react with each other, gallium nitride (GaN) grows on a 
seed crystal. According to thfe method, ail the materials 
can be introduced into the reaction ampoule in the form 
of gas, whereby the film thickness can be controlled 
more precisely as compared with the hydride vapor epi- 
taxy growth method. 

SUMMARY OF THE INVENTir>|\l 

[0005] However, the above-mentioned conventional 
hydride vapor epitaxy growth method and organic metal 
vapor phase epitaxy method have problems as follows. 
Namely, if group lll-V compound semkx)nductors such 
as GaN are grown by the hydride vapor phase epitaxy i 
method and organic metal vapor phase epitaxy method, 
then chtorine and hydrogen, which are no components 
of the group lll-V compound semiconductors, will 



remain in the reaction ampoule as HCI, NHg, Hg, and 
the nke, whfch are required to be let out of the reactfon 
ampoule via an outlet Namely, a so-called open 
ampoule method is employed in the hydride vapor ^i- 
5 taxy growth method and the orgarifc metal vapor epitaxy 
growth method. As a consequence, most of the materi- 
als do not contribute to the growth and are dfecarded, 
whereby these methods are problematk; in that the 
nnaterial efffciency is low. Also, for discarding a large 
10 amount of HCI, NH3, H2. and the like, a terge-scale 
detoxifcation system is needed, whfch increases the 
cost Namely, these methods are not suitable for making 
single crystels at a low cost. 

[0006] In the so-called closed ampoule method, on 
IS the other hand, byproducts and the like are not let out, 
whereby the material efficiency is not so low as that in 
the hydride vapor epitaxy growth method and the 
organc metaJ vapor epitaxy growth method. However, 
while the growth rate has been required to improve in 
20 the field of making lll-V compound semkxjnductors in 
recent years, no improvement in growth rate is expected 
in the closed ampoule method in which no materal 
gases are supplied from the outside, since the amount 
of transportation of material gases is small. 
25 [0007] In view of such circumstances, it is an object 
of the present Invention to provide a group lll-V nitride 
semiconductor growth method and vapor phase growth 
apparatus having a high material efficiency and a high 
growth rate. 

30 [0008] In one aspect, the present invention provides 
a group lll-V nitride semfconductor growth method for 
growing a group lll-V nitride semfeonductor on a seed 
crystal disposed within a reaction ampoule, the mettiod 
comprising the steps of plasma-exciting nitrogen contin- 

35 uously introduced into the reaction ampoule and evapo- 
rating a group III element disposed within the reaction 
ampoule; and causing thus plasma-excited nitrogen 
and evaporated group III element to react with each 
other, so as to grow the lll-V nitride semfconductor on 

40 the seed crystal. 

[0009] In the group Ill-V nitride semfconductor 
growth method in accordance with this aspect of the 
present Invention, nitrogen (N2) introduced Into the 
reaction ampoule is excited so as to attain a plasma 

«5 state, whereas a group III (group 3B) element such as 
galfium (Ga), for exanple, is evaporated within the reac- 
tion ampoule. As thus plasma-excited nitrogen and 
evaporated group III element react with each other, a 
group lll-V nitride semfconductor such as gallium nitride 

JO (GaN), for example, can be grown on tiie seed crystal. 
Here, since nitrogen is excited so as to attain a plasma 
state in this aspect of the present invention, it is more 
likely to react with the group III element as compared 
with a nitrogen molecule state in whfch the bonding 

's strength between atoms is higher, and it can succes- 
sively be introduced into the reaction ampoule unlike 
the case employing the closed ampoule method, 
whereby the growth rate of group lll-V nitride semfcon- 
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ductor can be enhanced. Aiso^ in this a^>ect of the 
present Invention, only the group III element and nitro- 
gen are used for growing the group lll-V nitride semi- 
conductor, and afl the group III element and nitrogen 
contribute to growing the ^oup lll-V nitride semicon- 5 
ductor. Namely, no byproducts are generated upon 
growing the group lll-V nitride semiconductor, whereby 
It is unnecessary to let out gases from within the reac- 
tion anipoule, whereby the material efficiency can be 
improved. 1^ 

[0010] Preferably, in this aspect of the present 
Invention, positive and negative pulsed voltages are 
altemately applied between two electrodes, so as to 
plasma-excite nitrogen between the electrodes. 
[0011] In this case, since the positive and negative 15 
pulsed voltages are applied between the electrodes, an 
intemiittent signal with a break between individual 
pulses is generated, whereby, as compared with the 
case where a continuous sine wave of high^quency 
voltage is applied, the discharging phenomenon would 20 
not yield corona discharge, and nitrogen is more likely 
to be plasma-excited. 

[001 2] In another aspect, the present invention pro- 
vides a group lll-V nitride semiconductor growth method 
for growing a group lll-V nitride semiconductor on a 25 
seed crystal disposed within a reactbn ampoule, the 
method comprising the steps of causing nitrogen con- 
tinuously introduced into the reaction ampoule to react 
with hydrogen within the reaction ampoule upon plasma 
excitation, so as to generate a hydride of nitrogen, and 30 
causing the hydride of nitrogen and a group III element 
evaporated within the reaction ampoule to react with 
each other, so as to grow the group lll-V nitride semi- 
conductor on the seed crystal; and then causing hydro- 
gen generated upon growing the group lll-V nitride as 
semiconductor and nitrogen continuously Introduced 
into the reaction ampoule to react wltti each other upon 
plasma excitation, so as to generate a hydride of nitro- 
gen. 

[0013] In the group lll-V nitride semiconductor 40 
growth method in accordance with this aspect of the 
present invention, nitrogen continuously introduced into 
the reaction ampoule is caused to react with hydrogen 
within the reaction ampoule by plasma excitation, so as 
to generate a hydride of nitrogen such as NH, NHg, 4S 
NH3, or the like. Within the reaction ampoule, on the 
other hand, a group III element such as gallium, for 
ecample, is evaporated. Then, the hydride of nitrogen 
and tiius evaporated group III element react witii each 
other, so that a group lll-V nitiide semfconductor such so 
as gallium nitride grows on tiie seed crystal. Here, in 
this aspect of the present invention, since nitrogen dif- 
fuses into tiie vicinity of the seed crystal as a hydride 
such as NHx pc = 1 to 3) and reacts witti the group III 
element, it is more likely to react wittt the group III ele- 55 
ment as compared with a nitrogen molecule state in 
whk:h the bonding strength between atoms is higher, 
and it can successively be imroduced into the reaction 



ampoule by an amount equal to that required for the 
reaction unlike the case employing the closed arr^uie 
mettiod, whereby the growtii rate of group lll-V nrtride 
semk:onductorcan be enhanced. 
[0014] When a group lll-V nitiide semiconductor is 
grown upon the reaction between the hydride of nitro- 
gen and the group III element hydrogen whteh ts no 
component of the group lll-V nitiide semiconductor is 
generated. Then, this hydrogen and nitiDgen Introduced 
into the reaction ampoule are caused to react with each 
other by plasn^ excitation, so as to generate again a 
hydride of nltix)gen such as NH. Thereafter, this hydride 
of nrtrogen and the evaporated group III element are 
caused to react w'rth each other, whereby the group III- 
V nitride semiconductor can further be grown on the 
seed crystal. Namely, since hydrogen, whfch is no com- 
ponent of the group lll-V nitride semiconductor, can 
repeatedly be utilized as being droulated within the 
reaction ampoule, it is unnecessary to let out gases 
from within the reaction ampoule, whereby the material, 
efficiency can be improved in this aspect of the present 
invention. 

[0015] Preferably, In titis aspect of tiie present 
Invention, positive and negative pulsed voltages are 
altemately applied l>etween two electrodes, so as to 
cause nitrogen and hydrogen to react with each other 
upon plasma excitation between the electi-odes. 
[0016] In this case, since the positive and negative 
pulsed voltages are applied b^een the electivdes, an 
intennittent signal with a break between individual 
pulses is generated, whereby, as compared with the 
case where a continuous sine wave of high-frequency 
voltage is applied, the discharging phenomenon would 
not yield corona discharge, and nitiiogen and hydrogen 
are more likely to react with each other upon plasma 
excitation. 

[0017] In another aspect, the present invention pro- 
vides a group lll-V nitiide semiconductor growth method 
for growing a group lll-V nrtride semiconductor on a 
seed crystal disposed within a reaction ampoule, the 
method compri^'ng the steps of causing a group III ele- 
ment disposed within the reaction ampoule and a halo- 
gen molecule or halide to react with each other, so as to 
generate a halide of the group III element, and causing 
the halide of the group III element and plasma-excited 
nitrogen to react with each other, so as to grow the 
group lll-V nitiide semiconductor on the seed crystal; 
and then causing the halogen molecule or halide gener- 
ated when growing the group lll-V nitiide semiconductor 
and the group 111 element disposed wittiin the reaction 
ampoule to react with each other, so as to generate a 
halide of the group III element. 
[0018] In the group lll-V nitride semkx)nductor 
growth method in accorctence with this aspect of the 
present invention, while niti-ogen introduced into the 
reaction ampoule is excited so as to attain a plasma 
state, a group III element such as gallium disposed 
within the reaction ampoule and a halogen molecule 
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such as Cl2 or a halide such as HQ are caused to react 
with each other, so as to generate a halicte of the group 
III element such as gallium chloride (Gaa). As pla^na- 
excrted nitrogen and the hafide of group III element are 
caused to react with each other, a group lll-V nitride 
semiconductor such as galDum nitride, for example, can 
be grown on the seed crystal. Here, since nitrogen is 
excited so as to attain a plasma state, it is more likely to 
react with the group III element as compared with a 
nitrogen molecule state in which the bonding strength 
between atonns is h'^her. and it can successively be 
introduced into the reaction ampoule unlike the case 
employing the dosed ampoule method, whereby the 
growth rate of group lll-V nitride semkx)nductor can be 
enhanced. Further, since the group HI element such as 
Ga is transported as a halide such as GaCI having a 
high equilibrium vapor pressure to the vicinity of the 
seed crystal, its transportation speed is faster than that 
in the case where the group III element is evaporated so 
as to reach the vkanity of the seed crystal, whereby the 
growth rate of group lll-V nitride sembonductor can be 
enhanced. 

[0019] When the group Hl-V nitride semfconductor 
is grown by the reaction between plasma-excited nitro- 
gen and the halide of group III element, a halogen whfch 
is no component of the group lll-V nitride semiconductor 
is generated as a halogen molecule or halide. Then, this 
halogen molecule or halide and the group ill element 
such as gallium disposed within the reaction ampoule 
react with each other, so as to generate a halide of the 
group 111 element again. Thereafter, this haHde of group 
III element and plasma-excited nitrogen can be caused 
to react with each other, so as to further grow the group 
lll-V nitride semiconductor on the seed crystal. Namely, 
since a halogen, whfch is no component of the group lil- 
V nitride semiconductor, can repeatedly be utilized as 
being circulated within the reaction ampoule, rt is unnec- 
essary to let out gases from within the reaction 
annpoule, whereby the material efficiency can be 
improved in this aspect of the present invention. 
[0020] Preferably, in this aspect of the present 
invention, positive and negative pulsedvoltages are 
alternately applied between two electrodes, so as to 
plasma-eecite nitrogen between the electrodes. 
[0021] In this case, since the positive and negative 
pulsed voltages are applied between the electrodes, an 
intennitlent signal with a break between individual 
pulses is generated, whereby, as compared with the 
case where a continuous sine wave of high-frequency 
voltage is applied, the discharging phenomenon would 
not yield corona discharge, and nitrogen is more likely 
to be plasma-excited. 

[0022] In another aspect, the present invention pro- 
vides a group III-V nitride semiconductor growth method 
for growing a group lll-V nitride semkjonductor on a 
seed crystal disposed within a reaction ampoule, the 
method comprising the steps of causing nitrogen intro- 
duced into the reaction ampoule and hydrogen within 



the reaction annpoule to react with each other upon 
plasma excitation, so as to generate a hydride of nitro- 
gen, and also causing a group III element disposed 
within the reaction ampoule and a halogen molecule or 
5 halWe to react with each ottier, so as to generate a hal- 
ide of the group III element, and causing the hydride of 
nitrogen and the halMe of group III element to read with 
each other, so as to grow the group lll-V nitride semi- 
conductor on the seed crystal; and then causing the hal- 
10 ogen molecule or halide generated upon growing the 
group lll-V nitride semiconductor and the group III ele- 
ment disposed within the reaction ampoule to react with 
each other, so as to generate a halide of the group III 
elenrtent and also causing hydrogen whfch is generated 
15 upon growing the group lll-V nitride semiconductor and 
nitrogen to react with each other upon plasma excita- 
tion, so as to generate a hydride of nitrogen. 
[0023] In the group lll-V nitride semfconductor 
growth method in accordance with this aspect of the 
20 present invention, nitrogen introduced into the reaction 
ampoule and hydrogen within the reaction ampoule are 
caused to react with each other by plasma excitation, so 
as to generate a hydride of nitrogen such as NH, NH2. 
NH3, or the like, and also the group III element disposed 
25 within the reaction ampoule and a halogen molecule 
such as CI2 or a halide such as HCI are caused to react 
with each other, so as to generate a halide of the group 
111 efement such as GaCL Then, as the hydride of nitro- 
gen and the halide of group III element are caused to 
30 react with each other, a group lll-V nitride semiconduc- 
tor such as gallium nitride, for example, can be grown 
on the seed crystal. 

[0024] Here, since nitrogen diffuses to the vicinity of 
the seed crystal as a hydride and reacts with the group 
35 III element, it is more likely to react with the group III ele- 
ment as compared with a nitrogen molecule state In 
whk5h the bonding strength between atoms is higher, 
and it can successively be introduced into the reaction 
ampoule by an amount equal to that required for the 
40 reaction unlike the case employing the closed ampoule 
method, whereby the growth rate of group lll-V nitride 
semkx)nductor can be enhanced. Further, since the 
group III element such as Ga is transported as a halide 
such as GaCI having a high equilibrium vapor pressure 
45 to the vfcinity of the seed crystal, its transportation 
speed becomes faster, whereby the growth rHte of 
group lll-V nitride semteonductor can be made faster 
than that in the case where tfie group III element is 
evaporated so as to reach the vfcinity of the seed crys- 
50 tal. 

[0025] When the group lll-V nitride semkx)nductor 
is grown by the reaction between the hydride of nitrogen 
and the halide of group III element, f^drogen whfch is 
no component of the group lll-V nitride semfconductor is 
55 generated, and ateo a halogen is generated as a halo- 
gen molecule or haOde. Then, this hydrogen and nitro- 
gen introduced into the reaction ampoule react with 
each other upon plasnna excitation, so as to generate a 
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hydride of nitrogen again, and also the halogen mole- 
cule or telide and the group III element such as gallium 
disposed within the reaction an^>oule react with each 
other, go as to generate a haOde of the group III element 
again. Thereafter, thus generated hydride of nitrogen 5 
and halide of group III element are caused to react with 
each other, wheretjy the group lll-V nitride semiconduc- 
tor can further be grown on the seed crystal. Namely, 
since hydrogen and halogen, which are no components 
of the group lll-V nitride semiconduclor, can repeatedly 10 
be utilized as being ctnculated wilhin the reaction 
ampoule, it is unnecessary to let out gages from within 
the reaction ampoule, whereby the material efficiency 
can be improved in this aspect of the present invention. 
[0Q26] Preferably, in this aspect of the present 15 
invention, positive and negative pulsed voltages are 
alternately applied between two electrodes, so as to 
cause nitrogen and hydrogen to react with each other 
upon plasma excitation between the electrodes. 
[0027] In this case, since the positive and negative 20 
pulsed voltages are applied between the electrodes, an 
intemnittent signal with a break between individual 
pulses is generated, whereby, as compared with the 
case where a continuous sine wave of high^requency 
voltage is applied, the discharging phenomenon would 2S 
not yield corona discharge, and nitrogen and hydrogen 
are more likely to react with each other upon plasma 
excitation. 

[0028] Preferably, in the above-mentioned group III- 

V nitride semteonductor growth methods in accordance ao 
with the present invention, nitrogen is introduced into 
the reaction ampoule so as to keep a substantially con- 
stant total pressure within the reaction ampoule. 
[0029] In this case, even when the partial pressure 
of nitrogen is lowered along with the growth of group III- 35 

V nitride semfconductor, nitrogen is introduced into the 
reaction ampoule so as to compensate therefore, 
whereby the group lll-V nitride semfconductor can be 
grown stably. 

[0030] In another aspect, the present invention pro- 40 
vides a vapor phase growth apparatus for growing a 
group lll-V nitride semkx>nductor, the apparatus com- 
prising a reaction ampoule having a container disposed 
therein for containing a group III element and an inlet for 
introducing nitrogen, excitation means for plasma-excit- 45 
ing nitrogen introduced from the inlet, and heating 
means for heating a seed crystal disposed within the 
reaction ampoule and the container; wherein, upon 
growing the group lll-V nitride semiconductor on the 
seed crystal, nitrogen is introduced from the inlet and so 
no gas is let out from within the reaction ampoule. 
[0031] In the vapor phase growth apparatus in 
accordance with the present invention, nitrogen intro- 
duced from the inlet is excited by the excitation means 
so as to attain a plasnna state. On the other hand, the ss 
group III element such as gallium contained in the con- 
tainer is evaporated by the heating means. Then, nitro- 
gen in the plasma state and the evaporated group 111 



element react with each other, so that a group lll-V 
nitride semfconductor such as galOum nitride, for exam- 
ple, can be grown on the seed crystal. Here, since nitro- 
gen Is ewHted so as to attain a plasma state in this 
aspect of the present invention, it is more Dkely to react 
with the group III element as conpared with a nitrogen 
molecule state in whch the bonding strength between 
atoms Is h'^her, and it can successively be introduced 
into the reaction ampoule unlike the case employing the 
closed ampoule method, whereby the growth rate of 
group lll-V nitride semfconductor can be enhanced. 
Also, since the materials used in the growth apparatus 
in accordance with the present invention are only the 
groi^ III element and nitrogen, which are components 
of the group lll-V nitride semfconductor, the material 
efficiency can be improved. Further, while no gas is let 
out from within the reaction ampoule when growing the 
group lll-V nitride semfconductor. all of nitrogen intro- 
duced into the reaction ampoule during the growth 
used for growing GaN, whereby gases not contributing 
to the growtfi of GaN would be kept from remaining 
within the reaction ampoule in this aspect of the present 
invention. 

[0032] When growing the group lll-V nitride semi- 
conductor in the growth apparatus in accordance with 
the present Invention, a predetermined amount of 
hydrogen and halogen (halogen molecule such as CI2 
or halide such as HCI) may be introduced from ttie inlet 
In this case, nitrogen introduced from the Inlet Into the 
reaction ampoule is plasma-exdted by the excitation 
means, and further is caused to react with hydrogen, so 
as to generate a hydride of nitrogen such as NH, NHg, 
or NH3, and also the group III element and the halogen 
molecule or halide are caused to react with each ottier, 
so as to generate a halide of the group III element such 
as GaCI. Then, the hydride of nitrogen and the halide of 
group III element are caused to react witti each ottier, 
whereby the group lll-V nitride semfconductor such as 
gallium nitride, for example, can be grown on the seed 
crystal. 

[0033] Here, since nitrogen diffuses Into the vicinity 
of ttie seed crystal as a hydride such as NH and reacts 
with the group 111 element, it Is more likely to react witti 
the group 111 element as compared witti a nitrogen mol- 
ecule state in whfch the bonding strengtfi between 
atoms is higher, and also, unlike the case employing the 
closed ampoule method, nitrogen is introduced into ttie 
reaction ampoule by an amount equal to that required 
for ttie reaction when growing the group lll-V nitride 
semfconductor, whereby ttie growth rate can be 
enhanced. Furttier, since the group III element such as 
Ga is transported to the vfcinity of the seed crystal as a 
halide such as GaCI, the growtti rate of group lll-V 
nitride semfconductor can be made faster than ttiat in 
ttie case where the group III element is evaporated so 
as to reach ttie vicinity of the seed crystal. 
IP034] When ttie group lll-V nitride semfconductor 
is grown by ttie reactfcn between ttie hydride of nitrogen 
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and the halide of group III element, hydrogen which is 
not component of the group lll-V nitride semiconductor 
is generated, and also a halogen is generated as a hal* 
ogen molecule or hafrcte. Thus generated hydrogen and 
halogen molecule or halide would not be let out of the 
reaction ampoule when growing the group lll-V nitride 
semiconductor. Then, hydrogen and nitrogen react with 
each other upon plasma excitation, so as to generate a 
hydride of nitrogen again, and also the halogen mole- 
cule or halide and the group III element such as gallium 
disposed within the reaction ampoule react with each 
other, so as to generate a halide of the group III element 
again. TTiereafter, thus generated hydride of nitrogen 
and halide of group III element react with each other, 
whereby the group lll-V nitride semfconductor further 
grows on the seed crystal. Namely, since hydrogen and 
the halogen, which are no components of the group III- 
V nitride semiconductor, can repeatedly be utilized as 
being circulated within the reaction ampoule, the mate- 
rial efficiency can be Improved. 
[0035] Preferably, in the vapor phase growth af^a- 
ratus of the present invention, the excitation means has 
two electrodes, and a high-frequency power source for 
altemately applying positive and negative pulsed volt- 
ages between the electrodes. 
[0036] In this case, since the high-frequency power 
source applies positive and negative pulsed voltages 
between the electrodes, an intermittent signal with a 
break between individual pulses is generated, whereby, 
as compared with the case where a continuous sine 
wave of high-frequency voltage is applied, the discharg- 
ing phenomenon would not yield corona discharge, and 
nitrogen is more likely to be plasma-excited. 

BRIEF DESC RIPTION OF JHB DRAWINGS 

[0037] 

Rg. 1 is an explanatory view <rf a first embodiment 
of the group llt-V nitride semiconductor growth 
method and vapor phase growth apparatus in 
accordance with the present invention; 
Rg. 2 is a view used for explaining a second 
embodiment of the group lll-V nitride semiconduc- 
tor growth method in accordance with the present 
invention; 

Rg. 3 is a view used for explaining a ttiird embodi- 
ment of the group lll-V nitride semiconductor 
growth method in accordance with the present 
invention; 

Rg. 4 is a view used for explaining a fourtii embod- 
iment of the group lll-V nitride semiconductor 
growth method in accordance with the present 
invention; 

Rg. 5 is a view used for explaining a fifth embodi- 
ment of the group Ili-V nitride semiconductor 
growth method in accordance with the present 
invention; 



Rg. 6 is a graph showing voltages applied between 
electrodes by tiie high-frequency power source 
shown in Rg. 5; 

Rg. 7 is a view showing a first modified example of 
5 the fifth embodiment; 

Rg. 8 is a view showing a second modified example 
of the fifth emtKxliment; and 
Rg. 9 is a view showing a third modified example of 
the fifth embodiment 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBOPIMENTS 

[0038] In the following, preferred embodiments of 
15 the group lll-V nitride semfcondudor growth method 
and apparatus in accordance with the present invention 
will be explained in ctelail with reference to the accom- 
panying drawings. Here, constituents identical to each 
other will be referred to with numerals identical to each 
20 other wittiout repeating their overiapping explanations. 

Rrst Embodiment 

[0039] Rg. 1 is a view showing a vapor phase 

25 growth apparatus 1 for growing a group lll-V nitride 
semiconductor in accordance witfi this embodiment 
The vapor phase growth apparatus 1 of this embodi- 
ment is used for growing gallium nitride (GaN), which is 
a group lll-V nitride semiconductor, on a seed crystal 1 0 

30 made of sapphire and supported on a seed crystal sup- 
port table 5 within a reaction tube (reaction ampoule) 3 
made of silica. As depicted, the upper face of the reac- 
tion tube 3 is fonned with an inlet port 9 having an inlet 
7 for introducing nitrogen (N2), whereas a container 1 1 

35 for containing gallium (Ga), which is a group III (group 
3B) element, is disposed within the reaction tube 3. Fur- 
ther, ttie reaction tube 3 is surrounded by a heater 1 3 for 
heating Ga within the container 11, the vicinity of ttie 
seed cry^al 10, and the reaction tube 3. 

40 [0040] For enhancing ttie unifbmnity in temperature 
in the radial direction of the seed crystal 10, the reaction 
tube 3 is made as a vertical furnace. Further, the reac- 
tion tube 3 is configured such that it can communicate 
gases to the outside only through the inlet 7. 

45 [0041] Also, the vapor phase growth apparatus 1 is 
provided with an excitation unit 15 for exciting nitrogen 
inti^duced into the inlet port 9 so as to make it attain a 
plasma state. The excitation unit 15 is constituted by an 
oscillator 17 for generating a microwave with a fre- 

50 quency of Z45 GHz, and a waveguide 19 tiirough which 
the microwave from ttie oscillator 17 propagates. For 
introducing the microwave into the inlet port 9, the latter 
penetrates through the waveguide 19. 
[0042] Further, the vapor phase growth apparatus 1 

55 is provided witti a pressure gauge 21 for measuring the 
pressure therein. Under ttie control of a control unit 
which is not depicted, nitrogen at a flow rate con^e- 
sponding to the pressure witiiin the reaction tube 3 
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measured by the pressure gauge 21 is mtroduced into 
the reaction tube 3 by way of the Inlet port 9. 
[0043] With reference to Rg. 1 , a method of growing 
GaN by use of the vapor phase growth apparatus 1 will 
now be explained. 

[0044] Before introducing nitrogen from the inlet 
port 9. the heater 13 is initially actuated, such that the 
temperature in the vicinity of the seed crystal 10 
becomes about 1000*»C. and the temperature of the 
container 11 for Ga becomes about 1 100*»C. As a con- 
sequence, Ga within the container 11 is evaporated. 
Also, while the oscillator 1 7 is at^ated so as to gener- 
ate a mfcrowave at Z45 GHz, this microwave becomes 
a standing wave within the waveguide 1 9. 
[0045] Subsequently, nitrogen at a flow rate of 
about 1 X 10"^ l/min on the basis of its normal gas state 
with a total pressure of about 10 Pa to about 4000 Pa is 
started to be introduced into the reaction tube 3 from the 
inlet 7. Nitrogen would be continuously supplied into the 
reaction tube 3 until GaN is completely grown. Also, 
nitrogen passing through the inlet port 9 is excited by 
the microwave advancing through the waveguide 1 9, so 
as to attain a plasma state. Nitrogen in the plasma state 
can take various forms such as atom and rrralecule 
forms, which will hereinafter be collectively referred to 
as nitrogen plasma for convenience. Also, in the nitro- 
gen plasma, only N* (nitrogen radical) is depicted. ¥«th- 
out showing ion-like plasmas such as N2* and Ng'. 
[0046] Evaporated Ga and the nitrogen plasma 
each diffuse so as to reach the vicinity of the seed crys- 
tal 1 0. As they react with each other, a GaN layer 20 can 
be grown on the seed crystal 10. Though the partial 
pressure of nitrogen within the reaction tube 3 is about 
to decrease as the GaN layer 20 grows, the unshown 
control unit detemiines the flow rate of nitrogen intro- 
duced into the Inlet port 9 according to the pressure 
data from the pressure gauge 21 so as to compensate 
for the decrease, whereby the total pressure within the 
reaction tube 3 can be kept substantially constant 
Therefore, the GaN layer 20 can be grown stably. Fur- 
thermore, because the reaction tube 3 Is heated by the 
heater 13. the GaN is not grown on the inner wall of the 
reaction tube 3 but on the seed crystal 1 0. 
[0047] In this embodiment, since nitrogen within the 
reaction tube 3 is excited so as to attain a plasma state 
which is highly reactive, it is more likely to react with Ga 
as compared with a nitrogen molecule (N2) state in 
whfeh the bonding strength between atoms is higher, 
and it can successively be introduced into the reactiori 
tube 3 unlike the case employing the closed ampoule 
method, whereby the growth rate of the GaN \a^r 20 
can be enhanced. Experiments cam'ed out by the inven- 
tors have revealed that while the growth rate of GaN 
layer was 1 jim/hr or less when nitrogen was not excited 
so as to attain the plasma state, it was about 100 jim/hr 
in accordance with the method of this embodiment 
Also, since only Ga and nitrogen, whfch are compo- 
nents of the GaN layer 20. are used as the raw materials 



for GaN in this embodiment, it Is not necessary to let out 
gases from within the reaction tube 3 as In the open 
ampoule method employed in the hydride vapor epitaxy 
growth method and organic metal vapor epitaxy growth 

5 method, whereby the material efffciency can be 
improved. Here, according to experiments carried out 
by the Inventors, substantially aU of nitrogen Introduced 
into the reaction tube 3 contributed to crystal growth, 
whereby the material efficiency was 80% or higher. 

10 [0048] If an AIGaN layer, an InGaN layer, and the 
like are laminated on a substrate made off thus grown 
GaN, then a blue LED and the Hke can be manufac- 
tured. If the chip surface of such a blue LED is coated 
with a YAG type phosphor, then a white LED can be 

IS realized. 

Second Embodiment 



[0049] With reference to Rg. 2. a second embodi- 
20 ment of the group lll-V nitride semiconductor growth 
method in accordance with the present invention will 
now be explained. In this embodiment, a vapor phase 
growtii apparatus 1 similar to that of the first embodi- 
ment is used. 

25 [0050] For growing a GaN layer 20 by the growth 
method of this embodiment, nitrogen (Ng) Is initially 
started to be introduced Into the reaction tube 3 by way 
of the inlet port 9, and then hydrogen (Hg) is introduced 
ttierein by a predetermined amount Nitrogen is contin- 
30 uously supplied into the reaction tube 3 until GaN Is 
completely grown. Subsequently, as in the first embodi- 
ment. Ga within the container 1 1 is evaporated, and 
also nitrogen introduced from the inlet 7 is excited so as 
to become a nitrogen plasma. Then, as shown In Rg. 2, 
3S the nitrogen plasma and hydrogen react witti each 
other, whereby NHx (X = 1, 2. 3), ions thereof, their 
plasma-state products, and the like are generated. 
These will hereinafter be refen-ed to as NHx- While 
there are cases where hydrogen within the reaction 
40 tube 3 flows into the inlet port and thereby attains a 
plasma state, "reaction between the nitrogen plasma 
and hydrogen' in this embodiment encompasses the 
case where thus generated hydrogen plasma and the 
nitrogen plasma react with each other. 
45 [0051] Then, NHx having reached near the seed 
crystal 10 and evaporated Ga react with each other, 
whereby the GaN layer 20 grows on the seed crystal 1 0. 
Here, since nitrogen flows so as to diffuse into the vicin- 
ity of the seed crystal 10 and reacts with Ga, It Is more 
so likely to react with Ga as compared with a nitrogen mol- 
ecule (Ng) state in whfch the bonding strength between 
atoms is higher, and it can successively be introduced 
into the reaction tube 3 unlike the case employing the 
closed ampoule method, whereby the growth rate of the 
55 GaN layer 20 can be enhanced. In praclfce, when an 
experiment was canied out with the amount of introduc- 
tion of hydrogen being set to 30% with respect to the 
total gas content within the reaction tube 3, the grovrth 
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rate of GaN layer 20 was about 1 50 |im/hr. 
[0052] When the GaN layer 20 is grown by the reac- 
tion between NHx and Ga, hydrogen (IH2), which is no 
component of GaN, Is generated. Since the v^r 
phase growth apparatus 1 of this err^odiment is pro- 
vtded with no outlet, thus generated hydrogen is not let 
out Then, thus generated hydrogen (H2) and the nitro- 
gen plasma newty supplied into the reaction tube 3 by 
way of the inlet port 9 are caused to react with each 
other, so as to generate again the hydride of nitrogen 
and its ions. Thereafter, thus generated NHx ^nd evap- 
orated Ga react with each other, whereby the GaN layer 
20 on the seed crystal 10 can further be made thicker. 
Namely, since hydrogen (H2), which Is no component of 
GaN, can be repeatedly utilized as being circulated 
within the reaction tube 3, it is unnecessary to let out the 
gases front within the reaction tube 3, whereby the 
material efficiency can be improved, in practice, when 
the GaN layer was grown by the method of this embod- 
iment, the material efficiency was about 80%. 
[0053] Though the partial pressure of nitrogen 
within the reaction tube 3 is atx)ut to decrease as the 
GaN layer 20 grows, the unshown control unit deter- 
mines the flow rate of nitrogen introduce Into the Inlet 
port 9 according to the pressure data from the pressure 
gauge 21 so as to compensate for the decrease, as In 
the first embodiment, whereby the total pressure within 
the reaction tube 3 can be kept substantially constant 
Therefore, the GaN layer 20 can be grown stably. 

Third Embodiment 

[0054] With reference to Rg. 3, a third embodiment 
of the group lll-V nitride semiconductor growth method 
in accordance with the present invention will now be 
explained. In this embodiment, a vapor phase growth 
apparatus 1 similar to that of each of the above^nen- 
tioned embodiments is used. 

[0055] Rrst, nitrogen introduced from the inlet 7 is 
excited so as to become a nitrogen plasma, and the 
heater 13 is actuated so as to evaporate Ga. Nitrogen Is 
continuously introduced into the reaction tube 3 until 
GaN Is completely grown. Subsequently, hydrogen 
chloride (HCI), which is a halide, is Introduced into the 
reaction tube 3 from the inlet 7 by a predetemnined 
amount at a partial pressure of 10 Pa to 500 Pa. Then, 
HC\ having flowed to the bottom part of the reaction 
tube 3 under the Influence of partial pressure reacts 
with Ga within the container 11, whereby gallium chlo- 
ride (GaCI), whk^h is a halide of the group III element, 
and hydrogen (H2) are generated. Further, due to the 
difference in vapor pressure between the vk:inity of the 
container 11 and the vldnity of the seed crystal 10, 
GaCI and H2 reach the seed crystal 10. Then, as the 
above-mentioned nitrogen plasma and ^aCL react with 
each other, a GaN layer 20. which is a group tll-V nitride 
semkx)nductor, Is grown on the seed crystal 1 0. 
[0(^6] Here, since nitrogen is excited so as to 



becwne a nitrogen plasma, it is more likely to react witii 
Ga as compared with a nitrogen molecule (N2) state in 
whch the bonding strength between atoms is higher, 
and it can successively be Introduced Into the reactk>n 

5 tuk>e 3 unlike the case employing the closed ampoule 
method, whereby the growth rate of GaN layer 20 can 
be enhanced. Further, since Ga is transported to the 
vidnity of the seed crystal 1 0 as GaCI, whk^ Is a halide 
having a high equilbrium vapor pressure, 'rts transporta- 

10 tion speed becomes faster than that in the case where 
Ga is evaporated so as to reach the vk^inity of the seed 
crystal 10 as in the first and second embodiments, 
whereby the growth rate of GaN layer 20 can be 
enhanced In practice, when an experiment was carried 

T5 out with the amount of introduction of HCI being set to 
10% with respect to the total gas content within the 
reaction tube 3, the growth rate of GaN layer 20 was 
at)out 160^m/hr. 

[0057] On the other hand, the halogen (CI), which is 

20 no component of GaN, generated when the GaN layer 
20 is grown by the reaction between the nitrogen 
plasma and GaCI, and hydrogen {H2) introduced from 
the inlet 7 or hydrogen (H2) generated at the same time 
when GaCI is generated react witii each other, whereby 

25 hydrogen chloride (HCI) is generated. Here, there are 
cases where chlorine does not react with hydrogen and 
is generated as a halogen molecule (Cy. Since the 
vapor phase growth apparatus 1 of this embodiment is 
provided with no outiet, thus generated HCI and CI2 

30 wouM not be let out Then, thus generated HCI or CI2 
reacts with Ga disposed vinthin the reaction tube 3, 
whereby GaCI is generated again. Thereafter, thus gen- 
erated GaCI and the nitrogen plasma can be caused to 
react with each other, so as to further thk:ken the GaN 

36 layer 20 on the seed crystal 1 0. Namely, since the halo- 
gen (CI), which is no component of GaN, can be repeat- 
edly utilized as being circulated within the reaction tube 
3 in this embodiment, it is unnecessary to let out the 
gases from within the reaction tube 3, whereby the 

40 material efficiency can be improved. 

[0058] Not only CI but also Br, 1, or the like may be 
used as the halogen drculated within the reaction tube 
3 in this embodiment Also, chlorine (Cy, bromine 
{Br2). iodine (I2), or the like may be introduced into the 

45 reaction tube 3 as a halogen molecule instead of hvdro- 

[0059] Though the partial pressure of nitrogen 
wittiin the reaction tube 3 is about to decrease as the 
GaN layer 20 grows, the unshown control unit deter- 

50 mines the flow rate of nitrogen introduced into the inlet 
port 9 according to the pressure data from the pressure 
gauge 21 so as to compensate for the decrease, as in 
each of the above-mentioned embodiments, whereby 
the total pressure within the reaction tube 3 can be kept 

55 substantially constant Therefore, the GaN layer 20 can 
be grown stably. 
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Fourth Embodiment 

[0060] With reference to Rg. 4, a fourth embodi- 
ment of the group Itl-V nitride semiconductor ^xywth 
method In accordance with the present invention will s 
now be explained. In this embodiment, a vapor phase 
growth apparatus 1 similar to that of each of the above- 
mentioned emt)odiments is used. 
[0061] For growing a GaN layer 20 by the growth 
method of this embodiment nitrogen (IM2) is initially 10 
started to be introduced into the reaction tut>e 3 by way 
of the inlet port 9, and then hydrogen chloride (HCI) and 
hydrogen (H2) are introduced therein by a pred^er- 
mined amount as in the third emt)odiment Nitrogen 
would be continuously supplied into the reaction tube 3 is 
until GaN is completely grown. Subsequently, Ga within 
the container 11 is evaporated, and nitrogen introduced 
from the inlet 7 is excited so as to become a nitrogen 
plasma. Then, as shown in Fig. 4, the nitrogen plasma 
and hydrogen (Hg) react with each other, whereby NHx 20 
is generated. Also, HCI having flowed to the bottom part 
of the reaction tube 3 under the influence of partial pres- 
sure reacts with Ga within the container 11, whereby 
^liuim chloride (GaCI). which is a halide of a group III 
element, and hydrogen (I-I2) are generated (though the 2s 
flow of hydrogen at this time is not depicted). 
[0062] Due to the difference in vapor pressure 
between the vidnity of the container 1 1 and the vicinity 
of the seed crystal 10, thus generated GaCI and NHx 
reach the seed crystal 10. Then, as GaCI and NHx ^ 
with each other, the GaN layer 20, which is a group lll-V 
nitride semiconductor, is grown on the seed crystal 10. 
[0083] Here, since nitrogen flows to the vicinity of 
the seed crystal 10 as NHx, which is a hydride, and 
reacts with Ga, it Is more likely to react with Ga as com- as 
pared with a nitrogen molecule (N2) state in which the 
bonding strength between aton^ is higher, and it can 
successiveiy be introduced into the reaction tube 3 
unlike the case employing the closed ampoule method, 
whereby the growth rate of GaN layer 20 can be 4o 
enhanced. Further, since Ga is transported to the vkHn- 
ity of the seed crystal 1 0 as GaCI, which is a halide hav- 
ing a high equilibrium vapor pressure. Its transportation 
speed becomes faster than that in the case where Ga is 
evaporated so as to reach the vk;inity of the seed crystal 45 
lOasinthefirst and second embodiments, wherek>y the 
growth rate of GaN layer 20 can be enhanced. In prac- 
ttce, when an exper^ient was cam'ed out with the 
amounts of Introduction of hydrogen and HCI being set 
to 50% and 10% with respect to the total gas content so 
within the reactton tube 3, respectively, the growth rate 
of GaN layer 20 was about 200 |im/hr. 
[0064] When the GaN layer 20 is grown by the reac- 
tion between GaCI and NHx, liydrogen (H2). which is no 
component of GaN, and hydrogen chloride (HCI), whtoh ss 
is a halide, are generated. Here, there are cases where 
chlorine does not react with hydrogen and is generated 
as a halogen molecule (Cy. Since the vapor phase 



growth apparatus 1 of this embodiment is provided with 
no outlet, thus generated H2, HCI, and the nke would not 
be let out. Then, thus generated hydrogen (Hg) and the 
nitrogen pla^na newly suppGed into the reaction tube 3 
by way of the inlet port g react with each other, whereby 
NHx »s generated again. On the other hand, hydro^n 
chloride (HCI) or chlorine (CIg) and Ga contained in the 
container 11 react with each other, whereby GaCI is 
generated again. 

[0065] Thereafter, thus regenerated GaCI and NHx 
can be caused to react with each other, so as to further 
th'K:ken the GaN layer 20 on the seed crystal 10. 
Namely, since hydrogen (H2) and the halogen (CQ, 
which are no components of GaN, can be repeatedly 
utilized as being circulated within the reaction tube 3 in 
this embodiment, it is unnecessary to let out the gases 
from within the reaction tube 3, whereby the material 
effldency can be improved. In practk^e, when the GaN 
layer was grown by the method of this embodiment the 
material effldency was 80% or higher. 
[0066] As in the third embodiment, not only C\ but 
also Br, I, or the like may be used as the halogen drcu- 
lated within the reaction tube 3 in this embodiment 
Also, chlorine (CI2), bromine (Brs), iodine (I2). or the like 
may be introduced Into the reaction tube 3 as a halogen 
molecule instead of hydrogen chloride (HCQ. 
[0067] Though the partial pressure of nitrogen 
within the reaction tube 3 is about to decrease as the 
GaN layer 20 grows, the unshown control unit deter- 
mines the flow rate of nitrogen introduced Into the inlet 
port 9 according to the pressure data from the pressure 
gauge 21 so as to compensate for the decrease, as In 
each of the above-mentioned embodiments, whereby 
the total pressure within the reaction tube 3 can be kept 
substantially constEUit As a consequence, the GaN 
l^r 20 mnproves its yield of single crystallization and 
can be grown stably. 

Fifth Embodiment 

[0068] With reference to Rg. 5, a fifth embodiment 
of the group Ill-V nitride semiconductor growth method 
in accordance with the present invention will now be 
explained. This embodiment differs from the first 
embodiment in the configuration of the excitation unit for 
exciting nitrogen so as to make it attain a plasma state. 
The excitation unit 35 of the vapor phase growth appa- 
ratus 1 of this embodiment comprises two electrodes 
30, 30, each shaped like a fiexed plate, opposing each 
other so as to sun^und a reaction tube 23; and a high- 
fi^quency power source 40 for applying high-frequency, 
high voltages between these electrodes 30. 
[0069] The reaction tube 23 used in tills embodi- 
ment has substantially a drcular columnar fomi, 
whereas an inlet tube 25 for introducing nitrogen therein 
is inserted into its upper face at the center thereof. The 
lower part of the reaction tube 23 is sunx>unded by a 
heater 1 3 similar to that of ttie first embodiment. Though 
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not depicted, a seed crystal 10 and a container 1 1 for 
containing Ga are disposed within the reaction tube 23 
as in the first enrttjodiment (see Rg. 1). 
[0070] Rg. 6 Is a graph showing voltages applied 
between the eledrodes 30, 30 by the high-frequency 5 
power source 40. As shown in this graph, the high^re- 
quency power source 40 alternately applies posftive 
and negative pulsed voltages between the electrodes 
30, 30. Also, a break Is formed between Individual 
pulses, whereby a so-called intermittent signal is gener- io 
ated. Further, each of rise time ti and fall time t2 is rela- 
tively short, i.e., 1.25 usee, while the frequency is 
variable within the range of 1 kHz to 100 kHz. Also, the 
positive and negative pulsed voltages are +8 kv and -12 
kv, thus forming asymmetrical wavefomrts, is 
[0071] R)r growing a GaN layer on the seed crystal 
10 in such a configuration, temperature is initialfy set in 
the heater 1 3 under a conditbn similar to that in the first 
embodiment, so as to evaporate Ga, and then nitrogen 
is introduced into the reaction tube 23 from the inlet tube 20 
25. Nitrogen is continuously supplied into the reaction 
tube 23 until GaN is completely grown. Also, nitrogen 
having reached between the electrodes 30, 30 after 
being introduced into the reaction tube 23 frx)m the inlet 
tube 25 is excited by the high-frequency, high voltages 2S 
applied by the high-frequency power source 40, so as to 
become a nitrogen plasma. 

[0072] Unlike conventional techniques in which a 
continuous sine wave of high-frequency voltage is 
applied between electrodes, this embodiment uses a so 
power source applying positive and negative pulsed 
voltages with a break between individual pulses, 
whereby the discharging phenomenon does not yield 
corona discharge, so that nitrogen is likely to become a 
nitrogen plasma Also, since pulse signals have a high as 
rising speed, the electric field strength per unit area Is 
high, whereby nitrogen is likely to be excited so as to 
become a nitrogen plasma. 

[0073] Further, since the reaction tube 23 posi- 
tioned between the electrodes 30, 30 is formed from sil- 40 
ica, whtoh is a dielectric, an electric field can uniformly 
be generated between the electrodes 30, 30. As a con- 
sequence, abnormal discharge can be prevented from 
occum'ng, so that plasmas can be generated more sta- 
bly and efiecth^ly. 45 
[0074] While a process using an inactive gas under 
a low pressure has conventionally been known as a 
technique for plasma discharge, plasmas can be gener- 
ated even at nonrml pressure if the high-frequency 
power source 40 of this embodiment is used. so 
[0075] Further, when a mtorowave is used as In the 
first embodiment, it is necessary that the size of the inlet 
port 9 be made smaller so ttiat the microwave does not 
leak out from the inlet port 9, whereby it requires labor 
to design and make the reaction tube 23. In the fifth 55 
embodiment, by contrast, the inlet tube 25 can be 
formed with a desirable size, whereby it becomes easier 
to design and make the reaction tube 23. 



[0076] Though plasmas mainly occur between the 
electrodes 30, 30, the excitation unit 35 of this embodi- 
ment can change the electrode fomns more freely, as 
shown in Rg. 5 and Rgs. 7 to 9 which will be explained 
in the following, as compared with other plasma gener- 
ating means, whose forms are harder to change, such 
as those of RF, ECR, and mfcrowaves. Thus, this 
embodiment is advantageous in tiiat, while the seed 
crystal s disposed at a desirable place, plasmas can be 
generated neart>y 

[0077] Thus excited nitrogen plasma and evapo- 
rated Ga each diffuse so as to reach the vkdnlty of the 
seed crystal 10. As th^ react with each other, the GaN 
layer 20 can be grown on the seed cry^l 10. 
[0078] With reference to Rgs. 7 to 9. modified 
examples of this embodiment will now be explained. In 
the first modfied example shown in Rg. 7, one rod-like 
electrode 30a is inserted through the upper face of the 
re^on tul>e 23, an annular electrode 30b is disposed 
around the upper part of the reaction tube 23, and the 
high^requency power source 40 is connected to the 
rod-like electrode 30a and the annular electrode 30b. 
The rod-like electrode 30a is covered with a dielectric 
memtier 50a. As with the fifth embodiment, such a con- 
figuration can easily make a plasma out of nitrogen hav- 
ing reached between the rod-like electrode 30a and 
annular electrode 30b after being introduced from the 
inlet tube 25. Also, since the dielectric member 50a is 
disposed between the rod-Hke electrode 30a and the 
annular electrode 30b, an electric field can uniformly be 
generated between the rod-like electrode 30a and the 
annular electrode 30b. As a consequence, abnonnal 
discharge can be prevented from occurring, so that 
plasmas can be generated more stably and effectively. 
[0079] In the second modified example shown in 
Rg. 8, two planar electrodes 30c, 30c in parallel are 
inserted into the reaction tube 23 from the upper face 
thereof, whereas the high-frequency power source 40 is 
connected to the planar electrodes 30c, 30c. Also, a pla- 
nar dielectric member 50b is attached to each of tiie 
planar electrodes 30c, 30c on the opposing surface side 
thereof. As with the fifth embodiment, such a configura- 
tion can easily make a plasma out of nitrogen having 
reached between the planar electrodes 30c, 30c after 
being introduced from the inlet tube 25. Also, since the 
planar dielectric member 50b is disposed between the 
planar electrodes 30c. 30c, an electric field can uni- 
fomnly be generated between the planar electrodes 30c, 
30c. As a consequence, abnomial discharge can be 
prevented from occurring, so that plasmas can be gen- 
erated more stably and effectively 
[0080] In the third nK>dified example shown in Rg. 
9, a cylindrical support rod 27 is inserted into the reac- 
tion tube 23 from the upper fiace thereof, whereas a disk 
electrode 30d is attached to the fower end of the sup- 
port rod 27. The seed crystal 1 0 is attached to the lower 
face of the disk electrode 30d, Further, in this modified • 
example, the ccmtainer 1 1 is disposed so as to oppose 
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the disk electrode 30d, where as the disk electrode 30d 
and Ga within the container 11 are electncalty con- 
nected to the high-frequency power source 40. Namely, 
Ga within the container 1 1 is u^d as an electrode. As 
with the fifth emtx>diment such a conf^uratfon can eas- 
ily make a plasma out of nitrogen having reached 
between the disk electrode 30d and container 11 after 
k>eing introduced from the inlet tube 25. In this modified 
example, the GaN layer 20 would be grown under the 
seed crystal 10. 

[0081] Though the fifth embodiment is configured 
such that high-frequency, high voltages are applied 
between two electrodes in the first embodiment so as to 
generate plasmas, it is also applicable to the second to 
fourth embodiments. If the technique of the fifth embod- 
iment is applied to the third embodiment, then nitrogen 
can easily be tumed into a plasma. If this technique is 
appfied to the second and fourth emtx>diments, than 
nitrogen and hydrogen can easily be caused to react 
with each other upon plasma exdtadon. 
[0082] Though the invention achieved by the inven- 
tors is specifically explained with reference to the 
embodiments in the foregoing, the present Invention 
should not be restrteted to the above-mentioned 
embodiments. For example, using aluminum (Al), 
Indium (In), and the like as group III elements, the group 
lll-V nitride semkx)nductor growth apparatus of the 
present invention can grow group lll-V nitride semkx)n- 
ductors such as AIN, InN, and the like in additk>n to 
GaN. 

[0083] ' As explained in the foregoing, the group lll-V 
nitride semiconductor growth method and vapor phase 
growth apparatus in accordance with the present inven- 
tion can yield a higher material efficiency and a higher 
growth rate. 

Claims 

1. A group lll-V nitride semiconductor growth method 
for growing a group lll-V nitride semiconductor on a 
seed crystal disposed within a reaction ampoule, 
said method comprising the steps of: 

plasma-exciting nitrogen continuously intro- 
duced Into said reaction ampoule and evapo- 
rating a group III element disposed within saki 
reaction ampoule; and 

causing thus plasma-exerted nitrogen and 
evaporated group III element to react with each 
other, so as to grow the lll-V nitride semkx>n- 
ductor on said seed crystal. 

2. A group ill-V nitride semkx>nductor growth method 
according to claim 1 , wherein positive and negative, 
pulsed voltages are alternately applied between 
two electrodes, so as to plasma-excite said nitrogen 
between sakJ electrodes. 



3. A group lll-V nitrfcle semiconductor growth method 
according to claim 1, wherein said nitrogen is Intro- 
duced into said reaction ampoule such that said 
reactk>n arnpoule maintains sut^tantially a con- 

5 stant total pres^re therein. 

4. A group lll-V nitride semiconductor growth method 
for growing a group Ili-V nitride semiconductor on a 
seed crystal disposed within a reaction ampoule, 

10 said method comprising the steps of: 

causing nitrogen continuously introduced into 
said reaction ampoule to react with hydrogen 
within said reaction ampoule upon plasma 
IS excitation, so as to generate a hydride of nitro- 

gen, and causing said hydride of nitrogen and a 
gmup 111 eianent evaporated within said reac- 
tion ampoule to react with each other, so as to 
grow the group ili-V nitride semconductor on 
2o said seed crystal; and then 

causing hydrogen generated upon growing 
said group lll-V nitride semiconductor and 
nitrogen continuously introduced Into said 
reacdon ampoule to reac^ with each other upon 
2S plasma excitation, so as to generate a hydride 

of nitrogen. 

5. A group Ili-V nitride semiconductor growth method 
according to dalm 4, wherein positive and negative 

30 pulsed voltages eub alternately applied t>etween 
two electrodes, so as to cause said nitrogen and 
said hydrogen upon plasma excitation behween 
said electrodes. 



^ 6. A group lll-V nitride semiconductor growth method 
according to claim 4, wherein said nitrogen is intro- 
duced into said reaction ampoule such that said 
reaction ampoule maintains substantially a con- 
stant total pressure therein. 
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A group lll-V nitride semiconductor growth method 
for growing a group lll-V nitride semkx)nductor on a 
seed crystal disposed within a reaction ampoule, 
said method comprising the steps of: 



causing a group III element dsposed within 
said reaction ampoule and a halogen molecule 
or halide to react with each other, so as to gen- 
erate a halide of said group 111 element, and 

50 causing said halide of group 111 element and 

plasma-excited nitrogen to roact with each 
other, so as to grow the group lll-V nitride sem- 
iconductor on sakJ seed crystal; and then 
causing the halogen molecule or halide gener- 

55 ated when growing said group lll-V nitride sem- 

kx>nductor and the group 111 element disposed 
within said reaction ampoule to react with each 
other, so as to generate a halide of said group 
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III element 

8. A group lll-V nitride semiconductor growth method 
according to daim 7, wherein positive and negative 
pulsed voltages are altemately applied between 5 
two electrodes, so as to ptasma-exdte said nitrogen 
between said electrodes. 

9. A group lll-V nitride semiconductor growth method 
according to daim 7, wherein said nitrogen is intro- io 
duced into said reaction ampoule such that said 
reaction ampoule maintains substantially a con- 
stant total pressure therein. 

10. A group II I -V nitride semiconductor growth method is 
tor growing a group lll-V nitride semiconductor on a 
seed crystal disposed within a reaction an^oule, 
said method comprising the steps of: 

causing nitrogen introduced Into said reaction 20 
ampoule and hydrogen within said reaction 
ampoule to react with each other upon plasma 
excitation, so as to generate a hydride of nitro- 
gen, and also causing a group III element dis- 
posed within said reaction ampoule and a 2s 
halogen molecule or hallde to react with each 
other, so as to generate a hallde of said group 
III element, and causing said hydride of nitro- 
gen and said halide of group III element to 
react with each other, so as to grow the group 30 
lll-V nitride semiconductor on said seed crys- 
tal; and then 

causing said halogen molecule or hallde gener- 
ated upon growing said group lll-V nitride sem- 
iconductor and the group III element disposed 35 
within said reaction ampoule to react with each 
other, so as to generate a halide of said group 
ill element, and also causing hydrogen which is 
generated upon growing said group lll-V nitride 
semiconductor and nitrogen to react with each 40 
other upon plasma excitation, so as to gener- 
ate a hydride of nitrogen. 

11. A group lll-V nitride semiconductor growth method 
according to daim 10, wherein positive and nega- 45 
tive pulsed voltages are altemately applied 
between two electrodes, so as to cause said nitro- 
gen and said hydrogen to react with each other 
upon plasma excitation between said electrodes. 

50 

12. A group lll-V nitride semicondudor growth method 
according to claim 10, wherein said nitrogen is 
introduced into said reaction ampoule such that 
said reaction ampoule maintains substantially a 
constant total pressure therein. 55 

13. A vapor phase growth apparatus for growing a 
group lll-V nitride semicondudOT, said apparatus 



ccHnprising: 

a reaction ampoule having a container dis- 
posed therein for containing a group 111 element 
and an inlet for introdudng nitrogen; 
excitation means for plasnta-exdting said nitro- 
gen introduced from said inlet; and 
heating means for heating a seed crystal dis- 
posed within said reaction ampoule and said 
container, 

wherein, upon growing the group lll-V nitride 
semicondudoron said seed crystal, nitrogen is 
introduced from said intet, and no gas let out 
from within said reaction ampoule. 

14b A vapor pha^ growth apparatus according to daim 
13, wherein said excitation means has two elec- 
trodes, and a high-frequency power source for 
altemately eq3plying positive and negative pulsed 
voltages between said electrodes. 
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